The electronic states of two donors in a strained quantum dot (QD) under the influence of high magnetic field have been investigated. Numerical calculations are carried out using variational principle within the single band effective mass approximation by means of magnetic field strength through energy dependent effective mass. Studies on the donor problem in a QD are a useful tool for understanding the electronic and optical properties of impurities. The study of two donor impurities in low dimensional semiconductor structures with and without magnetic fields is performed. We will adopt to calculate the binding energy in zinc blende QD. Our investigations include Zeeman Effect in the Hamiltonian. The magnetic field induced diamagnetic susceptibility of two donors is computed as a function of QD radius. The variation of twodonor binding energy as a function of dot radius for different magnetic field strength applied with and without field is conducted. The results show that the binding energy increases with the decrease of dot radius, reaching a maximum value, and then decreases when the dot radius still decreases. The contribution of diamagnetic susceptibility to the donor binding energy is the measure of spatial extension of the ground state. The inter-donor distance is the measure of Coulomb interaction energy of the two donor systems. The Coulomb interaction energy is only appreciable when inter-donor distances approach nearby or lesser than the effective Bohr radius. Our results show that the high magnetic field, the QD radius and Coulombic interaction energy have a remarkable influence on the electronic states of two donors in a strained QD. The results seem good and in better agreement with other literatures.
INTRODUCTION
In recent years, III-V wide band gap semiconductors of nitride groups and their binary and ternary compounds have attracted much attention. GaN and its related semiconductor alloys are most promising for potential application in optical, optoelectronic, and electronic devices [1] . For low-dimensional heterostructures, many theoretical and experimental investigations have been performed on the issue of binding energy of an electron to a donor impurity [2] . The understanding of the electronic and optical properties of impurities in such systems is important because the optical and transport properties of devices made from these materials are strongly affected by the presence of shallow impurities [3] . The nitride-based materials have good performances, possess high speed operation and are highly reliable [4] . The properties of wurtzite GaN based quantum heterostructures are strongly affected by the built-in electric field [5] . Zinc blend GaN structure, having less band gap, does not have strong built-in internal field due to high crystal symmetry.
Understanding the performance of optical devices is important in this area.
GaN based quantum dots (QD) have also shown to be a promising candidate for quantum computing [6, 7] . The study of two donor [8] and two acceptor [9] impurities in low dimensional semiconductor structures with and without magnetic fields is done.
In the present work, the calculations are performed by variational method using the single band effective mass approximation by the magnetic field strength. We will adopt to calculate the binding energy in zinc blende QD. Our investigations include Zeeman Effect in the Hamiltonian. The effect of magnetic field on variational parameter and diamagnetic susceptibility of a strained GaN/AlGaN QD is investigated with and without the effect of field. The magnetic field induced binding energy of two donors as a function of quantum dot radius has been investigated. In Section 2, a theoretical calculation of the problem is given. The result and discussion are presented in Section 3. Finally, the main conclusions are presented in the last Section.
THEORY
The Hamiltonian for two donors in the QD system within the effective mass approach, when applying magnetic field, is given by
where g is the effective Lande factor;  B is the Bohr magneton; Sz is the z-component of the total spin,  0 is the effective dielectric constant of the QD, and 
V ( r ) Q E ( x ).
 Qc is the conduction band off-set parameter, which is taken to be 0.70. Due to large influence on the electronic energy lev-03006-2 els in a semiconductor QD, we have used the material dependent effective mass in our calculations. The energy dependent effective mass is given by:
where  is the dielectric constant of GaN, Eg is the energy band gap, Δ is the spin-orbit band splitting, and E denotes the conduction band energy of the electron, m(0) is the conduction band effective mass.
where m 0 denotes the free electron mass.
For a zinc blende phase, the band gap difference between GaN and AlxGa1-xN is given as , where c 11 and c 12 are the elastic constants, the values of which are obtained from [10] . The strain-induced potential for the valence band can be written as
where a  and b are the deformation potential constants of the valences band. 
The ground state energy of an electron in a parabolic QD is estimated by the variational method. We have assumed the trial functions as (4)- (6), we obtain for s-states
The ground state energy of the conduction electron in a parabolic QD in an external magnetic field, ED, is obtained by minimizing the expectation value of HD with respect to the trial wave functions given in equations (4), (5) .
The Hamiltonian for two donors situated at the center of the parabolic dot in the presence of an external magnetic field applied along the growth direction, is written as 
In the presence of a magnetic field, the ground state energy of the donor is obtained by the variational method using the trial wave functions, The ionization energy is obtained as
The confining potential energies of two interacting donors are calculated using the wave functions (9) for 1s states is obtained by 
H ( r ,r ) ( r ,r ) . rr
In the above equation 12 rr  determines the role of inter-donor distances in the Coulomb interaction energy of two donor systems. The diamagnetic susceptibility χdia of the donor impurity in the QD is given as Fig. 1 shows the variation of two-donor binding energy as a function of dot radius for different magnetic field strength with and without applied field. In all the cases, it definitely shows that the binding energy increases with the decrease of dot radius, reaching a maximum value and then decreases when the dot radius still decreases. This is due to the fact the QD radius approaches zero, the confinement becomes negligibly small, and the tunneling comes to play in the finite barrier problem. Due to the reason, the binding energy again decreases drastically. This is a well-known result in quantum well structure and nanostructure [11] . It is in agreement with the other investigators [12, 13] . The value of all the magnetic field behavior is observed, and we notice that the binding energy increases with magnetic field for the entire dot radius. There is a "turn over" at R  15A o where the binding energy is maximum, this is due to the donor approaches the limit of effective Bohr radius of the given system. Moreover, the binding energy is appreciable for smaller dot radius due to the confinement, and the magnetic field effects are prominent for small-size dots. For the entire dot radius, there is an enhancement in the binding energy with and without magnetic field strengths. that depends on a number of parameters. This is called the trial wave-function. This variational approach consists in varying these parameters in the expression for the expectation value of the energy
until it reaches its minimum value. This value is an upper limit of the energy level pursued. The so-called trial wave function depends on a set of free variational para- meters. It is the measure of minimum energy of a system. It is observed that the variational parameter is appreciable only behind the regime of effective Bohr radius even for high magnetic field. The variation of diamagnetic susceptibility as a function of dot radius for different magnetic field strength is shown in Fig. 3 . Diamagnetic susceptibility is a tool to check the accuracy of the wave function selected in variational method. The contribution of diamagnetic susceptibility to the donor binding energy is the measure of spatial extension of the ground state. It is observed that there is an increase in diamagnetic susceptibility when the dot radius decreases for all the magnetic field strengths. Also it is noted that the diamagnetic susceptibility increases with the decrease of quantum dot size and in the smaller size region, reaching a maximum and then decreases, which is very similar to the one observed in the donor binding energy with the dot size. The magnetic field dependence of diamagnetic susceptibility is not prominent for small dot radii due to the domination of geometrical confinement. Fig. 4 displays the interaction energy as a function of quantum dot radius. The inter-donor distances are the measure of Coulomb interaction energy of the two donor systems. The interaction energy of the system is appreciable when the inter-donor distances reach and beyond the effective Bohr radius such as when the interaction energy starts to decrease. We believe that when
